Background. Diabetic patients exhibit platelet hyperreactivity, which renders them resistant to antithrombotic treatments. We aimed to investigate the prevalence and predictors of aspirin resistance in diabetic patients. Material and methods. A total of 93 diabetic and 37 non-diabetic participants were included into the study. Aspirin resistance was measured with a whole-blood desktop platelet function analyzer (PFA-100) with an epinephrine agonist. Results. Altogether 41.9% patients with DM were aspirin non-responders. Aspirin resistance was observed in 43.2% of nondiabetic patients (p = 0.89). Presence of diabetes mellitus had no effect on aspirin response (RR 0.95 (95% CI 0.44-2.05), p = 0.89) in the whole study population. Hypercholesterolemia was the only predictor of aspirin resistance in multivariate analysis in diabetic patients ), p = 0.023). Conclusion. The prevalence of aspirin resistance is comparable in diabetic and non-diabetic patients. Hypercholesterolemia is the only independent predictor of aspirin resistance in diabetic patients.
Introduction
Cardiovascular events are still the leading cause of morbidity and mortality in patients with diabetes mellitus (DM) (1) . Most patients with diabetes carry a risk for coronary heart disease (CHD) similar to that of patients with established CHD. Improved glucose control in diabetic patients has not been definitively shown to reduce CHD. Diabetes is a major, independent risk factor for CHD (2) . However, certain antidiabetic drugs have been also implied to increase the risk of CHD further (3) .
Antiplatelet agents are used for both the primary and secondary prevention of cardiovascular disease (4) . However, there is little evidence supporting its efficacy in diabetics. The Primary Prevention Project trial reported that the cardiovascular risk reduction with aspirin was marginal and non-significant in patients with diabetes (5) . In a meta-analysis of 287 randomized trials, aspirin reduced the risk of ischemic events by 22%, but the risk reduction in the subgroup with diabetes was only 7%, which was not statistically significant (6) .
Here, we aimed to investigate the frequency of aspirin resistance in patients with diabetes as a potential explanation for the conflicting efficacy of aspirin in these patients.
Patients and methods

Patients
A total of 97 consecutive type II diabetic and 38 nondiabetic patients taking aspirin for any reason were recruited for the study. Patients with DM were enrolled in routine follow-up in the outpatient clinic of endocrinology; non-diabetic subjects were contacted in the outpatient clinics of internal medicine, hematology, and endocrinology. Twelve out of 38 the non-diabetic patients were using aspirin prophylaxis for the previous history of coronary heart disease; two for vertebral basilar insufficiency; two women for essential thrombocytosis; one male with Reynaud phenomenon; and the remaining patients for primary prophylaxis of cardiovascular diseases (with no evidence of coronary heart disease). Inclusion criterion for the study was to take aspirin during at least the last 10 days and the last dose of aspirin had to have been taken within the last 24 hours. At least six of a total of eight laboratory tests had to have been performed recently for each patient: complete blood count, prothrombin time (pT), activated partial thromboplastin time (aPTT), erythrocyte sedimentation rate (ESR), serum creatinine, total cholesterol, fasting glucose, and HbA 1 C levels (the lastmentioned was required in diabetic patients only).
Patients with a history of bleeding diathesis, gastrointestinal bleeding, alcohol abuse, coagulopathy, major surgery within 6 weeks prior to study, platelet count <100,000/mL, hematocrit <25%, creatinine >4 mg/dL, current use of non-steroidal anti-inflammatory drugs, anticoagulants, or antiplatelet drugs other than aspirin were excluded. All patients were informed about the study, and a written and signed consent was obtained from each participant. The study was conducted in accordance with the Good Clinical Practice Guidelines, and the Institutional Board Review approved the study protocol (7).
Diabetes
Diabetes was present if at least one of the following criteria was present: a fasting glucose ‡126 mg/dL, treatment with oral hypoglycemic agents, or treatment with insulin (8).
Hypercholesterolemia
Hypercholesterolemia was defined as serum total cholesterol levels ‡200 mg/dL according to the National Cholesterol Education Program (NCEP)-Adult Treatment Panel III (ATP III) guideline (2) .
Measurements
Demographic and recent laboratory data were obtained from the medical chart records. Past and current medical histories were taken from both patient and hospital records. Participants had blood drawn into tubes containing 0.105 mol/L (3.2%) sodium citrate in a ratio of 9 volumes of blood to 1 volume of citrate. Blood was processed and testing completed within 2 hours of collection. Aspirin resistance was Table I measured with a whole-blood desktop platelet function analyzer (PFA-100) with an epinephrine agonist (9) . The PFA-100 is a Food and Drug Administration-approved device used to evaluate platelet dysfunction (10, 11) . The PFA-100 device measures the time (CT) required for platelets to plug an orifice simulating an injured vessel, after platelet activation by relevant stimuli, by collagen and epinephrine (CEPI), or collagen and ADP (CADP). Aspirin influences the CT CEPI value, whereas the CT CADP remains unaffected (11) . Definition of aspirin resistance used was CT CEPI <193 seconds, as defined previously (12) .
Statistical analysis and study end-points
Primary end-point of this study was the prevalence of aspirin resistance in diabetic subjects. A secondary endpoint was the investigation of potential predictors for aspirin resistance both in diabetic and non-diabetic participants. Power sample estimation revealed that at least 94 subjects in the diabetic and 38 in the non-diabetic group were needed in a 2:1 study design to show a 25% difference with the assumptions overall of type I error of 5%, type II error of 20%, and aspirin prevalence in non-diabetic populations of 15% (13 (Table I) .
Prevalence of aspirin resistance
Of patients with DM, 39/93 (41.9%) were aspirin non-responders. Aspirin resistance was observed in 16/37 (43.2%) of non-diabetic patients. The prevalence of aspirin resistance in diabetic patients was similar to that in non-diabetics (p = 0.89) (Figure 1 ).
Predictors of aspirin resistance
In diabetic patients, hypercholesterolemia, pT (<12 s), and aPTT (<28 s) were found to be a potential predictor of aspirin resistance in univariate analyses. However, multivariate logistic regression analysis revealed that the presence of hypercholesterolemia was the only independent predictor of aspirin resistance (RR 3.24 (95% CI 1.07-9.80), p = 0.037) (Table II) .
Hypercholesterolemia was more frequent in nondiabetic non-responders (53.9% versus 20%, respectively, p = 0.11); and relative risk of aspirin resistance in subjects with hypercholesterolemia was 4.67 (95% CI 0.88-24.80). This difference did not reach statistical significance (p = 0.071). However, serum total cholesterol concentration ‡192 mg/dL was related to aspirin resistance in non-diabetic patients (RR 6.67 (95% CI 1.24-35.71), p = 0.027) (Tables I and II) .
Presence of diabetes mellitus did not affect the aspirin response (RR 0.95 (95% CI 0.44-2.05), p = 0.89) in the whole study population. Hypercholesterolemia, pT (<12 s), and aPTT (<27.8 s) were associated with aspirin resistance in univariate analysis. Hypercholesterolemia was the only predictor of aspirin resistance in multivariate analysis (RR 3.09 (95% CI 1.17-8.16), p = 0.023).
Discussion
This study showed that the prevalence of aspirin resistance is comparable in diabetic and non-diabetic patients. The only predictor of aspirin resistance in patients with or without DM is hypercholesterolemia.
Two percent to 57% of patients have been reported to have a suboptimal antiplatelet response to aspirin therapy (14) (15) (16) . Definition of aspirin resistance in various studies, heterogeneity of laboratory methods used to assess platelet function, characteristics of study population, and non-compliance rates cause this discrepancy. Commonly used platelet function assays are flow cytometric markers of platelet activation, soluble P-selectin, urine or serum thromboxane-B 2 , light transmission aggregometry (LTA), VerifyNow, and PFA-100. All assays have certain advantages and limitations. A comparison of six different platelet function assays including PFA-100 showed that there was a poor correlation between them (12, 17) . Both clinically and experimentally there is no consensus on how to define aspirin resistance, making interpretation difficult. Definition of aspirin non-responsiveness as post-aspirin CTs £193 s may overestimate the prevalence of aspirin non-responsiveness in both diabetic and non-diabetic patients (13) . Nonetheless, aspirin resistance measured using the PFA-100 is associated with 2.35 times more vascular events in comparison to aspirin responders (18) .
Diabetes mellitus was regarded as a coronary heart disease risk equivalent in the Third Report of the National Cholesterol Education Program (Adult Treatment Panel III) (2) . In diabetic patients, aspirin therapy is recommended for the secondary prevention of coronary heart disease and for primary prevention in patients at increased cardiovascular risk (19) . Together with increased platelet turnover, increased protein glycosylation has been suggested as the possible mechanisms of aspirin resistance in diabetic patients (20) . Increased protein glycosylation reduces aspirin-mediated acetylation and inhibition of COX-1, possibly through a competitive mechanism (21) . However, our analysis has failed to demonstrate the effect of DM on aspirin resistance.
Abaci et al. performed an analysis, by use of PFA-100, setting a cut-off value £193 s in patients with coronary artery disease and DM. They reported an aspirin resistance prevalence of 28/184 (15.2%) in the whole study population. The only predictor of aspirin resistance in that study was the presence of DM (13) . In the ASPECT study, aspirin resistance was measured by serum and urine thromboxane B 2 levels, PFA-100, LTA, and VerifyNow. Aspirin resistance was higher at low (81 mg/day) doses of aspirin in diabetic patients. At higher doses, diabetic and non-diabetic patients had similar resistance rates (22) . Later, interindividual variability of the recovery of platelet cyclo-oxygenase activity has been suggested as an explanatory mechanism for this difference with lower doses of aspirin (23) . The role of hyperlipidemia on aspirin resistance was demonstrated by in-vivo and in-vitro studies (24, 25) . Platelet response to aspirin is reduced in patients with chronic hyperlipidemia (24) . High levels of lowdensity lipoprotein cholesterol and triglyceride diminish aspirin responsiveness in diabetic patients with suboptimal glycemic control (26) . Infusion of reconstituted high-density lipoprotein cholesterol is highly effective in reversing the excessive accumulation of cholesterol in platelet membranes. This results in reduced platelet hyperreactivity. Increased cholesterol content within the platelet membranes probably reduces membrane fluidity in diabetic patients. This is one of the potential mechanisms of platelet sensitivity (27) . Furthermore, high-dose statin therapy reduces in-vitro aspirin resistance in 65% of the patients (28) .
In conclusion, the prevalence of aspirin resistance is comparable in diabetic and non-diabetic patients. Hypercholesterolemia is the only independent predictor of aspirin resistance in diabetic patients.
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